Introduction: Stroke recently became the second cause of death in Korea. Nevertheless, many studies have reported that the delay of emergency medical service (EMS) transportation in specific areas is a major obstacle to reduce the mortality and morbidity of stroke. The objective of this study was to assess geographic variation regarding this factor at the national level in Korea throughout a funnel plot. Setting: Emergency departments. Methods: Data were obtained from the "2010 Emergency Medicine Annual Report" published by the National Emergency Medical Centre of Korea. This report describes the general characteristics of eligible Emergency Departments (EDs) across Korea. Therefore, we were able to calculate retrospectively the percentage of stroke patients who reached an ED within 3 hours after the development of symptoms against the volume of total visiting patients according to area. Subsequently, we generated a correlation matrix between ratio of stroke patients who visited EDs within the therapeutic period and ratio of usage of EMS ambulances. Results: We found that four areas out of 16 administrative divisions in Korea were located beyond the lower control limit and one area was between the lower warning and lower control limits, according to a funnel plot showing the percentage of patients within the therapeutic period of stroke against the total volume of patients according to area. The ratio of stroke patients who visited EDs within the therapeutic period was significantly correlated with the ratio of use of EMS ambulances to a moderately positive degree (r=0.51; p<0.05). Conclusions: Encouraging the public in Korea to use an EMS ambulance in case of stroke may shorten the pre-hospital delay. (Hong Kong j.emerg.med. 2015;22:219-225) 簡介：最近中風成為韓國的第二死亡原因。然而，許多研究報告說，緊急醫療服務（ EMS ）運送在特 定地域的延遲，是減少中風發病率和死亡率的一大障礙。這項研究的目的，是使用漏斗圖來評估在韓國 整個國家這方面的地域差異因素。地點：急診室。方法：數據來自由韓國全國緊急醫療中心出版的 「 2010 急診醫學年報」。這份報告描述韓國各地合資格的急診科（ EDs ）的一般特點。因此，我們能 夠按地區追溯計算，中風患者在出現症狀 3 小時內到達 EDs ，對所有到診病人量的百分比。隨後，我們 計算在治療期內到達 EDs 的中風病人比和使用 EMS 救護車比之間的相關性矩陣。結果：根據漏斗圖顯 示的在治療期間內的中風患者比例對該地區患者的總量，我們發現在韓國所劃分的 16 個行政區中，四個
Introduction
Stroke is a worldwide leading cause of death and a longterm disability that is associated with high costs. 1 In Korea, stroke was the second cause of death in 2010. 2 It is known that patients who have ischemic stroke can expect a good neurologic outcome if they are treated appropriately within 3 hours after symptoms develop. [3] [4] [5] Three hours from symptom onset to thrombolytic therapy is a relatively short period, considering the time required for evaluation processes in the hospital, such as computer tomography and laboratory tests. Thus, many clinicians have tried to shorten this delay as much as possible. 4, 6 According to earlier studies, prehospital delay is well known as one of the major factors that causes poor outcome in stroke patients. In contrast, the use of emergency medical service (EMS) transportation is a key factor in shortening this delay. However, those results stemmed from studies that were conducted in a restricted area that does not reflect the situation at the national level. 1, [5] [6] [7] Since 2001, the National Emergency Medical Center (NEMC) in Korea has been acting as the control tower to provide timely and quality care to those who need it, as assigned by the Minister for Heath, Welfare and Family Affairs. One of the duties of the NEMC is the publication of an annual report that describes the general characteristics of the nationwide EMS system in Korea.
Therefore, we conducted this study to determine the presence of nationwide variations regarding prehospital delay in Korea by means of a funnel plot, [8] [9] [10] one of the 區域超出控制下限，一個區域是位於較低預警和控制下限之間。中風病人在治療期間內到達 EDs 的比例 與使用 EMS 救護車的比例顯著相關，並且是一個中等程度的正相關（ r=0.51, p<0.05 ）。結論：在韓 國鼓勵市民在中風的情況下使用 EMS 救護車，可能會縮短院前延遲。 Keywords: Ambulances, emergency medical services, healthcare quality assurance, public health practice, time-to-treatment 關鍵詞：救護車、緊急醫療服務、醫療質量保證、公眾健康實踐、到治療時間 statistical control charts especially used in the industrial field. To our knowledge, this is the first study to evaluate geographic variations in the EMS system in Korea.
Methods
Data were derived from the "2010 Emergency Medicine Annual Report", published by the NEMC according to the provisions in Article 28, Paragraphs 3 and Article 24, Paragraphs 3 of the Statistics Act (Approval No. 41101) in Korea. 11 This report originates from the National Emergency Department Information System (NEDIS) database, which was developed in 2004. All information was automatically transferred to a central government computer server from each hospital, and incorrect data were filtered using data-processing logics.
In order to evaluate the geographic variation of prehospital delay using the EMS system in Korea, we created a funnel plot to find out whether any administrative division would be beyond control limits comparing with others having similar numbers of stoke patients. Then we made a correlation matrix to evaluate which factor was related to prehospital delay of stroke patients.
The funnel plot was designed to easily understand any "out-of-control" and it had the advantage of being a simple graphical method for discriminating between common cause and special cause variations. 12 The funnel plot usually has three lines: the central line represents the mean and the upper and lower lines are termed control limits, which are usually set three standard deviations (SD) away from the mean. 9, 10, 12, 13 Control limits represent the limits of common cause variation. Any data point falling outside these control limits suggests of a special cause for variation and indicates that an investigation should be carried out to identify the extrinsic cause. In addition, upper and lower warning limits can also be calculated at 2 SD from the mean, showing that it may be a special cause variation rather than a common cause variation. These warning limits and control limits are calculated similarly to 95% and 99.8% confidence limits, respectively. Therefore, we plotted the percentage of patients reaching emergency department (ED) within 3 hours of stroke against the total volume of patients according to administrative divisions in Korea.
We performed all statistical calculation using the STATA software version 13.0 (Stata Corp., College Station, Texas). Any values less than 0.05 were regarded as statistical significant.
Results
In 2010, South Korea is consisted of one special city (Seoul), six metropolitan cities (Busan, Deagu, Incheon, Gwangju, Daejeon, and Ulsan), eight provinces (Gyeonggi, Gangwon, North Chungcheong, South Chungcheong, North Jeolla, South Jeolla, North Gyeongsan, and South Gyeongsan) and one special selfgoverning province (Jeju).
14 During the study period, the total number of stroke patients in Korea was 77,820. However, the number of stroke patients varied according to area, with a median value of 3,092 (1,054-21,458). The first-and second-ranked areas were Seoul and Gyeonggi (Figure 1 ).
The mean percentage of stroke patients reaching an ED within the therapeutic window of 3 hours was 37.9% across Korea. Figure 2 showed that North Chungcheong was ranked first; however, this area was ranked 14th in Figure 1 . In addition, Jeju is ranked second in Figure 2 , which meaned that this area showed a good quality of prehospital transportation among the 16 areas of Korea. Nevertheless, Jeju was ranked last in Figure 1 , showing that this area had the smallest volume of stroke patients in Korea.
Considering the relationship between the number of patients who were able to reach an ED within 3 hours of symptom onset and the total volume of patients, we generated a funnel plot as shown in Figure 3 . Busan, Deagu, Gwangju and South Gyeongsan were plotted outside the lower control limit, with 95% confidence limits. Moreover, Seoul was plotted between a lower control limit and a lower warning limit, with 99.8% confidence limits. Thus, those areas warrant careful investigation. Interestingly, Jeju demonstrated a good quality of prehospital transportation in spite of the smallest volume of patients.
We drew a scatter plot to look a correlation between a few variables that came from secondary data resources (Figure 4 ). We found a positive correlation between the ratio of stroke patients who visited EDs within the therapeutic period and the ratio of usage of EMS ambulances (r=0.51; p<0.05).
Discussion
Undoubtedly, stroke patients need to be diagnosed and treated as soon as possible. To maximise the effect of treatment of patients diagnosed as having ischaemic stroke, thrombolytic drugs have to be administered within 3 hours after symptom onset. Therefore, it is essential to transfer individuals suspected of having a stroke to an eligible hospital within a therapeutic window period. 4 Although ischaemic stroke consisted of 70-80% of all stroke cases, only 3-8.5% of all stroke patients could receive thrombolytic drugs in the U.S. and only 2.1% of stroke patients could receive thrombolytic drugs in Korea. 3 In general, according to a previous study, fewer than 20% of all stroke patients supposedly received intravenous thrombolytic drugs. 15 Reported delay factors during the prehospital phase were related to a late activation of the EMS, usage of EMS ambulances, old age, previous medical history, level of consciousness and NIHSS. 1, 3, 4, 16, 17 In particular, the usage of EMS ambulances could have a significant impact on shortening the prehospital transportation time and reducing the duration of the diagnostic process during the in-hospital phase as clinicians were more attentive to patients transferred by EMS ambulance. [18] [19] [20] Regarding transportation by EMS ambulance, many countries report varying percentages of arrival at an ED by stroke patients within 3 ours of symptom onset: Italy, 28%; France, 29%; Japan, 36.8%; England, 37%; and the U.S., 46%. 1, 7, 15, 21 One Korean paper published in 2000 reported that 50.9% of all stroke patients in Korea arrived at an ED within the therapeutic window period. 22 However, we suspect that this figure is an overestimation of the general situation in Korea because the findings came from only one tertiary hospital. Consequently, the motivation for our study was to determine the nationwide data for Korea. The 2010 Emergency Medicine Annual Report from NEDIS allowed us to gather the relevant data, according to which, 37.9% of all stroke patients in Korea arrived at EDs within the therapeutic window period, this figure being quite similar to those for Japan and England. However, we also obser ved some geographic variation; 47% of all stroke patients in Korea were located in Seoul and Gyeonggi (Figure 1) , whilst only 1% of this population was located in Jeju. Therefore comparing each other among these areas would appear to be inappropriate and highlights the importance of considering the total volume of patients. That is why we make a funnel plot adjusting the volume of patients according to administrative divisions.
Control charts have long been used in the field of industry to reduce the rate of failed products. Recently, control charts have been applied to the medical field to improve the quality of patient outcomes, surgical procedures and inter-hospital comparisons. 9, 10, 12, 13, 23 Out of these control charts, we used the funnel plot. As the name implies, the control limits that produce the 'funnel' show how much variation to expect around the mean, for a given volume of cases. So a spot that falls outside the control limits suggests a special-cause variation in relation to the others. And the funnel plot has advantages over other types of charts. One is its graphical display: it is easily interpretable which spots fall outside the upper and lower control limits. The second advantage is that spots can be compared directly with similar volume of patients, which is shown on the x-axis variable.
According to our funnel plot's results, Seoul has the largest volume of stroke patients and lies between the lower 95% and 99.8% confidence limits, which represent respectively a lower warning limit and a lower control limit. As those limits imply, if a spot lies outside a control limit, that spot is significantly out of control. Similarly, if a spot lies outside a warming limit but not control limit, that spot might be significantly out of control soon. So because Busan, Deagu, Gwangju and South Gyeongsan are located outside the lower control limit, an investigation of the underlying causative factors is warranted. A spot above the upper control limit means those areas are superior to others on reaching on EDs within the therapeutic window. Because Jeju with the even smallest volume of patients is located beyond the upper control limit, Jeju has an outstanding outcome.
We also noted that an increase in the usage of EMS ambulances correlated with a higher ratio of arrival at an ED within the therapeutic period. Our results showed that the correlation between the ratio of using an EMS ambulance and arriving within the therapeutic period was statistically significant. This result agrees with those of other studies reporting that the transportation mode is a significant factor in the determination of prehospital delay. 1, 3, 7, 21 Thus, many countries, including Korea, are devoting efforts to the general education of lay people regarding awareness of stroke symptoms and encouraging the use of EMS ambulances.
Currently, many hospitals in Korea are devoting efforts to reducing the in-hospital delay of stroke, such as door-to-CT and door-to-needle time, via a quality improvement action. Thus, although in-hospital factors have clearly improved, prehospital factors, such as transportation time and awareness of stroke symptoms, have been neglected. Attention should be paid to the prehospital delay factors of stroke and our study is an effort to address this issue. According to our results, several administrative divisions were under out-ofcontrol state showing beyond lower control limits in a funnel plot. In addition, those areas were moderately correlated with the rate of usage of EMS ambulances. Therefore, to improve this rate of usage, widespread and continuous education for the public and an increased supply of EMS ambulances are needed to help shortening the prehospital delay of stroke.
This study had some limitations. First, there may be a selection bias that comes from original data. We utilised secondary data resources from the national database under the regulation of government. So we could not adjust possible confounder factors that affect the use of EMS ambulances. Further studies are in need to evaluate independent factors. Second, there may be both a false negative and positive result. As a name of 'funnel plot' implies, the control limits that produce the 'funnel' show how much variation to expect around the mean, for a given volume of cases. So people who are not familiar with control chart may misunderstand that spots that fall outside the control limits are abnormal. But a spot outside the control limits in a funnel plot does not necessarily imply an abnormal outcome as like all other control charts. It is possible that it acts as an outlier or that a type 1 error occurred.
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Conclusion
Several administrative divisions in Korea have substandard proportion of stroke patients presented within 3-hour time pledge. In addition, those areas are associated with lower rate of EMS usage. Therefore, to improve this rate of usage, widespread and continuous education for the public and an increased supply of EMS ambulances may help to short the prehospital delay of stroke.
